0 rthodontists long have believed that the tongue and facial musculature play an important role in the establishment of alveolar arch form and in the precise positioning of the teeth. Among the more recent writers taking such a view are Ballard,2 Baker,l Graber,5 MOSS,~ and Hovell.? Brodie4 is perhaps representative of this group when he writes: "Alveolar bone being as labile as it. is, it should be apparent that the teeth would take their positions around the periphery of the tongue and be held in contact wit.h that organ by the forces of t,he lips and cheeks. One can say with considerable certainty that the dental arch is formed by these two forces."
However, several ot.her workers differ, most notably Brash,3 and Scott."' Thus, Scottto pointed out that little support is available for such a concept : "Bone is not so labile as to be completely at the mercy of the adjacent soft. tissues. It has its own inherent pattern of growth, and each bone has a shape which varies somewhat from species to species. This shape and its species variation is not merely a result of the balanced effects of the adjacent soft tissues." IIe further states: "It is, however, more likely that tongue form is determine<1 by the arches enclosing it within the mouth cavity, than that tongue form should determine the normal shape of the arches."
In both cases, the tongue and the dental arches arc seen as having a causeand-effect relat,ionship with one another, so that a large tongue might be expected to be associated with large dental arches and vice versa. Since no standardized method of measurement of tongue size or volume exists for t,hc living (Hopkin" has recently described cadaver tongue size), what may be a "large tongue" 10 one investigator may not be large to another. Therefore, t,he purpose of this study was to attempt to devise a method of measuring the volume of the tongue and to explore the relationship of several dental and arch measures with the volume of the tongue in normal subjects.
Method
In a preliminary pilot study to determine the reliability of subjective estimates of tongue size (whether large, medium, or small) two investigators on two separate occasions could replicate their estimates for less than half of twentyseven test subjects. For only four of these subjects was there agreement both between and within the two investigators on the two separate sets of observations. Attempts to measure the size of the tongue by means of calipers failed because of the mobile nature of the tongue. Alginate impressions of the tongue also proved to be unsatisfactory because of inability to maintain lingual immobility during setting of the material.
A system of fluid displacement was developed, therefore, using a horn-shaped mouthpiece into which the tongue was extended (Fig. 1) . The mouthpiece was covered with 0.003 inch rubber-dam material and connected by tubing to an longest plaster tongue was larger in diameter at its base than t.he shortest tongue and more closely fitted the opening of the mouthpiece, so that the membrane adapted itself more closely to the longest plaster tongue, resulting in the smallest percentage of error. It was found, in measuring human subjects, that the effort involved in protruding the t,ongue into the instrument must be standardized for each subject. Having the subjects protrude along a millimeter ruler prior to the instrument reading provided an individual achievement goal for subsequent protrusion of the tongue into the instrument.
Testing for accuracy
To obtain an estimate of the repetitive error of measurement, seventeen subjects were measured twice, at least one week apart. On each occasion, three volume readings were taken and averaged to give a "reading" for each subject. The mean difference for seventeen subjects between the first and second "readings" was 2.3 cc., with a standard deviation of 1.4 CC. Since motivation plays a rather obvious role in obtaining readings, it is doubtful whether significantly more accurate readings could be obtained with this device. In an attempt to improve reliability, however, a series of eight volume readings were made on each subject for the major part of the investigation which follows.
A sample of thirty-nine men, ranging in age from 20 to 37 years, was chosen for our study of the relationship between volume and various arch dimensions. 
Hypotheses
The following hypotheses were tested in this study: (1) that this instrument provides a more reliable estimate of tongue volume than a visual appraisal, (2) that tongue length (extensibility) and volume are related, (3) that tongue volume is related to bimolar width, intercanine width, arch perimeter, interincisal angle, and the angle of the incisors to the mandibular plane, (4) that tongue length (extensibility) is related to bimolar width, intercanine width, arch perimeter, interincisal angle, and to the angle of the incisors to the mandibular plane, and (5) that scalloping of the tongue indicates a large tongue.
Findings
The instrument gave an average error, on repeated readings, of 2.3 C.C. + 1.4 CC., as discussed above. Thus, in the error study of seventeen subjects, in only two cases were the tongues classified differently (small, medium, or large) on the second reading, whereas in the subjective appraisal more than one half of the subjects were appraised differently the second time.
The distribution of tongue volumes as measured by the fluid-displacement method is shown in it standard deviation of' 4.9 CC. The extensibility or length of the prot-rudttl tollgue was found t,o haw a correlation with measurable volume of 0.26 (t, = 1.64 i which is not statistically significant. Table I sh0Ws tllc correlation of tongut: \ol1lmc with 1 hr> otllcr \~illkhlOS measured. It will be noted that only the correlation between measurable tongue volume and arch perimeter is statist,ically significant at, the 0.05 lewl of' WITfidCllW. Table II shows the correlations of tongue length n-it11 the other variables mcasurcd. Nom? of these are statistically significant. Fig. 6 compares the distribution of: the tongue volume of scalloped tongnw with the main sample of thirty-nine subjects. The average tongue volnmc I'OY scalloped tongues was 28.6 c.c.! with a standard deviation of 3.8 C.C. This is llcri cliffwent statist,ically from the average of 31.4 c.c. for the main sample.
Discussion
This method of measurement appears to bc more accuraate and objective than a visual appra.isal of tongue size. (See Fig. 5.) As stated in the second hypothesis, one might expect a longer tongue to have greater volume than a shorter tongue. However, according to the findings of this study, such is the case only to an insignificant extent, at least in normal subjects. This method of measuring tongue volume accounts for three dimensions of the extended tongue, of which extensibility or measurable length is only one. Width and thickness factors appear to be equally important.
With regard to the third hypothesis (Table I) , four of the variables related to measurable tongue volume (bimolar width, intercanine width, interim&al angle, and arch perimeter) increase or decrease with tongue volume. However, the size of the correlation coefficients suggests caution in drawing inferences from these relationships. Only one correlation, that with arch perimeter, is statistically significant at the 0.05 level. Such a relationship is of limited clinical utility. However, it is of interest to note that arch perimeter combines two dimensions, thus approximating the three dimensions of the tongue to a greater extent. than the other measures. The size of the correlation of incisor angle to mandibular plane with measurable tongue volume, for all practical purposes, may be considered zero.
With regard to the fourth hypothesis (Table II) , of the five variables tested with protruded tongue length, only one (intercanine width) increases with increasing tongue length. It might be expected that an increase in protruded length of the tongue would coincide with a decrease in the interincisal angle and an increase in the arch perimctcr and the angle of the lower incisors to the mandibular plane. This was not the case, and the relationship in all five measures is sufficiently low as to be essentially random. Again, protruded tongue length is but one of three pertinent variables. Width and thickness are also important.
The sample of subjects with scalloped tongues showed no difference from the main sample, thus refuting the hypothesis that scalloping indicates a large tongue.
The low correla,tion coefficients found between the paired variables thus suggest that, at least within a normal range of tongue volumes, a large tongue can be found with either large or small dental arches and that a small tongue may a.lso be found with either large or small dental arches. The findings may also be seen as supporting Brash,3 who said: ". . . it is improbable that the tongue exercises any important direct mechanical influence on the general form and size of the mandible. . . ." They also tend to support Scott,'o who said: "The primary form of the alveolar processes and dental arches is determined before birth prior to the eruption of the teeth and independent of muscle activity. . . . The postnatal development of the alveolar processes and dental arches is such that arch form is maintained in spite of the greater pressure exerted by the tongue as compared with the lips and cheeks."
Thus, there appears to be no close relationship between tongue volume and lower arch dimensions, incisor angulation, tongue length, or scalloping of the tongue, at least in the sample of normal adult males studied here.
This was a study simply of volume. However, it has been assumed that the density of the tongue does not vary markedly from person to person; nor have lingual pressures been measured. Recent investigations by Lear8 show that tongue
